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© NUMERICAL CONTROL UNIT. 

© A numerical control unit having: a main memory (3) for 
storing numerical control programs and the like, a main 
processor (1) for executing the data processing necessary for 
numerical control, and a main bus (2). In the unit, local buses 
(4a,4b) ere coupled to the main bus (2) through buffer circuits 
(5a,5b), respectively, with respect to control axes, and 



axis-control circuits (8a,8b) are coupled to the local buses 
<4a,4b), respectively. In addition, coupled to the local buses 
are local processor units (6a,7a;6b,7b) for taking a part of the 
loading to the main processor (1), as required, according to 
the number of the processings in the main processor. 



CM 
00 

in 
it) 
o 



Q. 

UJ 




Croydon Printing Company Ltd. 



0055782 

1 

TITLE MODIFIED 

DESCRIPTION ., ee £. ont paRtf 

NUMERICAL CONTROL DEVICE 
Technical Field 

This invention relates to a numerical control device 
wherein local buses for respective controlled axes are 
connected to a main bus which is in turn connected to a 
main processor which executes data processing for numerical 
control, and wherein an axis control circuit is connected 
to each of the local buses. More particularly, the inven- 
tion relates to a numerical control device which is so 
arranged that local processor units for bearing the load 
of the main processor can be connected to the local buses. 
Background Art 

In a conventional numerical control device which 
executes data processing for numerical control by relying 
upon the operational functions of a processor, the func- 
tions of the device can be extended to some extent only be 
adding or exchanging memory elements , such as a read-only 
memory, into which new functions (new control programs) 
have been written. It has been difficult, however, to 
realize a great extension in function, beyond the process- 
ing capacity of the built-in processor, without subjecting 
the existing components to a major modification, as by re- 
placing the built-in processor with one having superior 
performance and speed. In consequence, it has not been 
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easy to increase the number of controlled axes or to ex- 
tend functionality to permit sophisticated position loop 
control , such as that which accompanies digitalization of 
servo control. It has thus not been possible to satisfy 
the diversified needs of users within a short delivery time 
and at low cost. 

Accordingly, the object of the present invention 
is to provide a highly versatile numerical control device 
which enables functions to be extended with facility with- 
out requiring any modification in the existing component 
parts . 

Disclosure of Invention 

In accordance with the present invention, a numeri- 
cal control device as constructed by connecting local buses 
for respective controlled axes to a main bus line connected 
to a main processor which executes data processing for 
numerical control, connecting an axis control circuit to 
each local bus, and connecting load-bearing local processor 
units to prescribed ones of the local buses when the number 
of cases to be processed by the main processor exceeds the 
processing capacity of the main processor. Specifically, 
the arrangement is such that connecting the local processor 
units to the local buses enables them to bear the load of 
the main processor, so that it is possible to realize an 
increase in the number of controlled axes or a functional 
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extension such as more sophisticated position loop control, 
without reqiring any modification in the existing compo- 
nents. Consequently, by adopting a numerical control 
device whose standard specifications do not include local 
processor units, and then by attaching the local processor 
units when they are necessary, it is possible to enhance 
the versatility of the device by extending its functions so 
that the diversified needs of users can be met in a short 
period of time. 
Brief Description of Drawings 

The Figure is a block diagram of a numerical control 
device illustrative of an embodiment of the present invention. 
Best Mode for Carrying Out the Invention 

A description will now be had in conjunction with 
the accompanying drawing to describe the present invention 
is greater detail. 

The Figure is a block diagram illustrating an embodi- 
ment of the present invention, in which numerical 1 denotes 
a main processor, 2 a main bus, 3 a main memory, 4a, 4b 
local buses, 5a, 5b buffer circuits, 6a, 6b local processors, 
7a, 7b local memories, and 8a, 8b axis control circuits. 
The buffer circuits 5a, 5b include respective buffer gates 
50a, 50b for connecting the main bus 2 to the local buses 
4a, 4b, and respective timing controllers 51a, 51b for 
controlling timing in such a manner that the corresponding 
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local memories 7a, 7b can be accessed by both the main 
processor 1 and respective local processors 6a , 6b. Further, 
A, B and C represent circuit blocks. In particular, each 
circuit block B, comprising the local processor 6a or 6b 
and local memory 7a or 7b, constitutes a local processor 
unit. 

The device of the present embodiment provides the 
local buses 4a, 4b that are isolated by means of the buffer 
circuits 5a, 5b from the main bus 2 connected to the main 
processor 1, and circuits such as the axis control circuits 
8a, 8b which are allotted to respective ones of the con- 
trolled axes are connected to the respective local buses. 
Moreover , the arrangement is such that each local processor 
unit B, comprising the local processor 6a or 6b for bearing 
the load of the main processor 1 , and the local memory 7a 
or 7b, can be suitably connected to the local buses 4a, 4b. 

The main processor 1 , without having the local 
processor units B connected thereto, executes processing 
for numerical control in accordance with the program road 
out of the main memory 3. The results of the processing 
operation are applied to the axis control circuits 8a, 8b 
through the buffer gates 50a, 50b and local buses 4a, 4b 
so that the prescribed numerical control operations can be 
carried out. When the local processor units B are connected, 
a portion of the load is borne by the local processors 6a, 
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6b. More specifically, the program to be executed by the 
local processors 6a, 6b and the arithmetic data is fed 
into the local memories 7a, 7b , and the local processors 
6a, 6b control the axis control circuits on behalf of the 
main processor 1 in accordance with said program. In this 
case the local memories 7a, 7b can be accessed by the main - 
processor 1 . The reason for such an arrangement is to 
make possible control wherein the operation of the entire 
system is halted if a failure develops in, say, the axis 
control circuits 8a, 8b. This is accomplished by writing 
such an event into predetermined areas of the local memories 
7a, 7b and having the main processor 1 read the same, the 
main processor responding by halting system operation. 
Another reason is to make it possible to transfer necessary 
data from the main memory 3 to the local memories 7a, 7b. 
With this embodiment the arrangement is not such as to 
allow the local processors 6a, 6b to access the main memory 
3, but this is for the purpose of simplification only, and 
an arrangement is possible in which the main memory is 
accessible by the local processors. 

In accordance with the foregoing construction of 
the present embodiment, the local processor units B are 
connected to the local buses 4a, 4b when the main processor 
1 reaches the limit of its processing capacity, as may occur 
with an increase in the number of controlled axes. Thus 
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processing allotted to the respective axes, such as 
acceleration-deceleration control and positional loop 
control, is borne by the local processors 6a, 6b to 
lighten the load borne by the main processor 1 . This 
also enables enhancement of the position control loop 
function with respect to mechanical loads which exhibit 
vibration or backlash and the like, without increasing 
the load borne by the main processor. Thus the load borne 
by the main processor 1 can be alleviated by connecting 
the local processor units and having the local processors 
6a, 6b execute the processing for enhancing the position 
control loop function. 

In the device of the present embodiment, the 
circuitry is divided into the circuit blocks A, B, C, as 
illustrated in the Figure, and each block constitutes a 
discrete unit for mounting. As a result, the local 
processor units B may serve as optional eguipment. Thus 
an advantage of the invention is that the system can be 
constructed inexpensively without the inclusion of the 
local processors when, say, the controlled axes are few 
in number. 

Industrial Applicability 

As described hereinabove, the present invention 
is so arranged that local processor units are added when 
the number of cases to be processed exceeds the processing 
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capacity of the main processor, the additional local pro- 
cessor units lightening the load borne by the main pro- 
cessor. The present invention therefore is suitable for 
use when enhancing the functions of a numerical control 
device. 
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WHAT IS CLAIMED IS: 

(1) In a numerical control device having a main 
memory for storing a numerical control program and the 
like, a main processor which executes data processing for 
numerical control, and a main bus, a machine tool being 
controlled on the basis of the results of data processing/ 
a numerical control device characterized in that a local 
bus for each controlled axis is connected to said main 
bus, an axis control circuit is connected to the local bus, 
and a local processor unit for bearing the load of said 
main processor is suitably connected to the local bus in 
accordance with the number of cases to be processed by said 
main processor. 

(2) A numerical control device according to claim 
1, characterized in that a buffer circuit is provided 
between said main bus and the local bus. 

(3) A numerical control device according to claim 
1 or claim 2, characterized in that said local processor 
unit has a local processor, and a memory which is accessible 
by the main processor and local processor. 
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